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Description 

The present invention relates to piezoelectric ceramics which is applied to a piezoelectric device such as a ceramic 
oscillator, a ceramic filter or a ceramic discriminator, for example, and more particularly, it relates to piezoelectric ce- 
5 ramies which is applied to a surface mounted type piezoelectric component, to which heat resistance is required. 

In general, piezoelectric ceramics which is mainly composed of lead titanate zirconate (Pb(Ti z Zr.|_ z )0 3 ) is widely 
applied to a ceramic filter or the like. Further there are proposed piezoelectric ceramics, to which small amounts of 
various additives are added for improving piezoelectric characteristics thereof. 

In particular, piezoelectric ceramics which is applied to a ceramic piezoelectric filter having a flat group delay time 
10 (hereinafter referred to as GDT) characteristic and small phase distortion must have a small mechanical quality factor 
Qm. As to such piezoelectric ceramics having a small mechanical quality factor Qm, known is piezoelectric ceramics 
which is prepared by adding niobium oxide, antimony oxide or tantalum oxide to lead titanate zirconate (Pb(Ti z Zr-|. z ) 
0 3 ), or that prepared by partially replacing Pb atoms of lead titanate zirconate with a rare earth element. 

On the other hand, a material which is prepared by diffusing Mn in Pb(Zr 0 52 Ti 0 48 )0 3 is reported as piezoelectric 
15 ceramics containing a small amount of component diffused therein (M. Takahashi and S. Takahashi; Japan, J. Appl. 
Phys. Vol. 9, No. 8, pp. 1006 (1979)). 

However, the aforementioned conventional piezoelectric ceramics having a small mechanical quality factor Qm is 
generally increased in piezoelectric constant d to be applied to an actuator, or mainly aimed at increasing an electro- 
mechanical coupling factor K for application to a broad-band filter. Thus, such piezoelectric ceramics generally has a 
20 low Curie temperature and insufficient heat resistance. 

Some of the aforementioned conventional piezoelectric ceramics having small mechanical quality factors Qm have 
a high Curie temperature. When the temperature is increased in a soldering step or the like, however, the electrome- 
chanical coupling factor K is reduced to cause extreme displacement of resonance and antiresonance frequencies if 
electrodes provided across the piezoelectric ceramics are not short-circuited but opened. 
25 When such a conventional piezoelectric ceramics having a small mechanical quality factor Qm is applied to a 

surface mounted type filter element, therefore, the filter characteristics are extremely deteriorated upon exposure to a 
high temperature of about 250°C in a reflow soldering step. 

Further the aforementioned material prepared by diffusing Mn in Pb(Zr 0 52 Ti 048 )O 3 is unsuitable for a filter element, 
due to high temperature dependence of resonance and antiresonance frequencies. 
30 EP-A-0 01 2 583 discloses a piezoelectric ceramics composed of lead titanate zirconate and including Mn0 2 , where- 

in up to 10 atomic-% of Pb maybe replaced by at least one of Sr, Ca and Ba. For preparing said ceramics, the raw 
materials including Mn0 2 are all wet-mixed, filtered, dried and then calcined, so that the Mn component is homogene- 
osly distributed through the ceramic material. 

GB-A-2 028 791 discloses a process for preparing a piezoelectric ceramics composed of lead titanate zirconate 
35 and including Mn0 2 , wherein all the raw materials including Mn0 2 are wet-mixed, filtered, dried and then calcined, so 
that again the Mn component is homogeneously distributed through the ceramic material. 

JP-A-62 298 1 92 discloses a piezoelectric ceramics composed of lead titanate zirconate, wherein part of the Pb 
atoms are substituted by Ca, Sr and/or Ba. The ceramics further includes 0.3-3.0 wt.-% Sb 2 0 3 and 0.05-1 .0 wt.-% of 
Mn0 2 . 

40 in order to overcome the aforementioned disadvantages, an object of the present invention is to provide piezoe- 

lectric ceramics, which is provided not only with a small mechanical quality factor Qm but with excellent heat resistance 
and which can be suitably employed for a filter element having a flat group delay time characteristic and small phase 
distortion to be applicable to surface mounting. 

To achieve the above object, the present invention provides a piezoelectric ceramics being expressed by 

45 PbZr 1 . z Ti z 0 3 , where z = 0.45 to 0.54, 0.1 to 8 mole percent of said Pb atoms being replaced with at least one element 
selected from Ca, Sr and Ba, 

said piezoelectric ceramics containing Mn in a range of 0.005 to 0.9 percent by weight of the whole in terms of 
Mn0 2 . characterized in that said Mn exists in a grain boundary with higher concentration than that in the ceramic grains 
of said piezoelectric ceramics. 

50 | n the piezoelectric ceramics according to the present invention, 0.1 1 to 8 mole percent ofthe Pb atoms is replaced 

with at least one element selected from the group of Ca, Sr and Ba as described above, whereby the temperature 
coefficient of resonance frequency is reduced. 

According to a specific aspect of the present invention, up to 5.0 mole percent of the PbZr-, _ z Ti z 0 3 is further replaced 
with at least one element selected from La, Ce, Pr Nd, Sm, Eu and Gd, whereby the mechanical quality factor Qm is 

55 reduced. 

According to another specific aspect of the present invention, at least one element selected from Sb, Nb, W and 
Ta is added to the piezoelectric ceramics in a range of up to 2.9 percent by weight of the overall piezoelectric ceramics 
in terms of Sb 2 0 3 , Nb 2 O s , WQ 3 and/or Ta 2 0 5 , whereby the mechanical quality factor Qm is reduced. 
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In the piezoelectric ceramics according to the present invention, Mn is contained in the range of 0.005 to 0.9 percent 
by weight in terms of Mn0 2 as described above, whereby the heat resistance is improved. This Mn is diffused to be 
contained in the piezoelectric ceramics after the same is fired. In other words, ceramics which is composed of the 
elements excluding Mn is fired so that Mn is thereafter diffused in the as-obtained sintered body, to be contained therein 

5 in the aforementioned specific range. Due to such diffusion, the Mn exists in the grain boundary with higher concen- 
tration than that in the grains of the piezoelectric ceramics. 

According to the present invention, as hereinabove described, Mn is contained in the piezoelectric ceramics having 
a small mechanical quality factor Qm and a high Curie temperature by diffusion to exist in the grain boundary with 
relatively higher concentration, whereby resistivity of the piezoelectric ceramics is reduced. Therefore, the piezoelectric 

10 ceramics is prevented from reduction in polarization as described later, so that changes of resonance and antiresonance 
frequencies can be reduced also when the piezoelectric ceramics is applied to a filter. 

When polarized piezoelectric ceramics is heated and then cooled to the room temperature on standing, pyroelectric 
charges are generated in this piezoelectric ceramics. An electric field is applied by such pyroelectric charges in a 
direction opposite to that of polarization of the piezoelectric ceramics, to lower the degree of polarization. 

15 According to the present invention, Mn is introduced into the piezoelectric ceramics, in order to quickly annihilate 

the pyroelectric charges and prevent reduction of the degree of polarization. Particularly when Mn is contained in the 
piezoelectric ceramics by diffusion at a temperature of 900 to 1100°C, for example, resistivity of the piezoelectric 
ceramics is reduced so that the pyroelectric charges are quickly discharged. Therefore, it is possible to effectively 
prevent the electric field, which is opposite to the direction of polarization, from application over a long time. Thus, it 

20 is possible to suppress reduction of polarization, so that changes of resonance and antiresonance frequencies can be 
reduced when the piezoelectric ceramics is applied to a filter element, for example. 

When the piezoelectric ceramics according to the present invention is applied to a piezoelectric component, such 
as a piezoelectric filter, for example, which is surface-mounted by reflow soldering, it is consequently possible to reduce 
deterioration of characteristics caused by a high temperature of up to 250°C, particularly deviation in the passband of 

25 the filter and the reduction of the passband width, to sufficiently cope with surface mounting. 

Due to the aforementioned specific composition according to the present invention, it is possible to obtain piezo- 
electric ceramics having a high electromechanical coupling factor K, small temperature changes of resonance and 
antiresonance frequencies, and a small mechanical quality factor Qm (not more than 100, for example). 

When the inventive piezoelectric ceramics is applied to a ceramic filter (piezoelectric filter) element, therefore, it 

30 is possible to attain excellent characteristics including a flat group delay time (GDT) characteristic and small phase 
distortion over a wide frequency band, thereby suppressing bit errors with respect to digital signals. Thus, the piezo- 
electric ceramics according to the present invention is particularly significant as a material for a piezoelectric filter 
element for digital signals. 

The foregoing and other objects, features, aspects and advantages of the present invention will become more 
35 apparent from the following detailed description of the present invention when taken in conjunction with the accompa- 
nying drawings. 

Fig. 1 illustrates an energy dispersive X-ray spectrum of grains in a sample No. 2 of piezoelectric ceramics ac- 
cording to Example 1 of the present invention; 
40 Fig. 2 illustrates an energy dispersive X-ray spectrum of grain boundary in the sample No. 2 of the piezoelectric 

ceramics according to Example 1 of the present invention; 

Fig. 3 illustrates an energy dispersive X-ray spectrum of grains in a sample No. 22 of piezoelectric ceramics ac- 
cording to Example 2 of the present invention; and 

Fig. 4 illustrates an energy dispersive X-ray spectrum of grain boundary in the sample No. 22 of the piezoelectric 
45 ceramics according to Example 2 of the present invention. 

Unlimited Examples of the present invention are now described, to clarify the present invention. 



Example 1 

50 

Respective raw materials of PbO, SrC0 3 , La 2 0 3; Ce0 2 , Pr 2 0 3 , Nd 2 0 3 , Sm 2 0 3 , Eu 2 0 3 , Gd 2 0 3 , Ti0 2 and Zr0 2 for 
forming piezoelectric ceramics were weighed out to attain compositions shown in Table 1, and wet-blended in a ball 
mill. The mixtures obtained by such wet blending were dried and thereafter calcined at 800 to 900°C for 2 hours. The 
calcined materials were wet-ground in a ball mill, to obtain mixed powder materials. 
55 Caking additives such as water or polyvinyl alcohol were added to the mixed powder materials, which in turn were 

press-molded and thereafter fired at a temperature of 1150 to 1250°C for 2 hours, to obtain discoidal samples of 
ceramics having diameters of 1 0 mm and thicknesses of 1 mm. These samples were coated with the mixture of MnC0 3 
powder and varnish ; and then dried. Thereafter the samples were heated at a temperature of 900 to 1100°C for 2 
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hours, to be subjected to diffusion. Thereafter the samples were polished into thicknesses of 0.5 mm ; and silver elec- 
trodes were applied at both ends of the samples. Thereafter the samples were polarized in insulating oil of 80°C for 
30 minutes with an electric field of 2 to 3 kV/mm, to obtain samples of piezoelectric ceramics (vibrator samples). For 
the purpose of comparison, samples of piezoelectric ceramics (vibrator samples) were prepared in a similar manner 

5 to the above, in ranges which were out of the scope of the present invention. 

As to these samples, specific resistance values p, electromechanical coupling factors Kp and mechanical quality 
factors Qmp in radial vibration, and temperature coefficients (expressed as Fr-TC) of resonance frequencies Fr at 
temperatures of -20°C to 80°C. 

Further these vibrator samples were introduced into a thermostat of 250°C for 3 minutes to be subjected to heat 

10 treatment, extracted from the thermostat with electrodes applied at both ends of the samples being in open states, and 
thereafter allowed to stand for about 1 hour. Then, changes AFr and AFa of resonance and antiresonance frequencies 
Fr and Fa were measured. 

Table 1 shows the results of the as-measured characteristics, i.e., specific resistance values p, electromechanical 
coupling factors Kp, mechanical quality factors Qmp, temperature coefficients (Fr-TC) of resonance frequencies Fr, 
15 and changes AFr and AFa of the resonance and antiresonance frequencies Fr and Fa, of the respective samples. 

Referring to Table 1 , symbols A, x, B, _y, z and a represent respective components and rates of addition thereof in 
the following formula: 



20 



25 



55 



Pb 1-x-y A x B y Zr i-z Ti z°3 + °c(wt.%)MnQ 2 (1) 



Namely, A represents the types of the elements (at least one of Ba : Sr and Ca) substituting for Pb, and x represents 
rates (mole percent) thereof. On the other hand, B represents the types of the elements (at least one of La ; Ce, Pr, 
Nd, Sm, En and Gd) substituting for Pb, and y represents rates (mole percent) thereof. Further, z represents rates 
(mole percent) of TI. and a represents contents (percent by weight) of Mn0 2 in the samples of piezoelectric ceramics. 

Referring to Table 1, asterisks (*) show comparative samples of piezoelectric ceramics, which were out of the 
scope of the present invention. 

It has been recognized from the results of measurement of the respective samples shown in Table 1 and other 
samples (not shown in Table 1) that the temperature coefficients Fr-Tc of the resonance frequency Fr were disadvan- 
30 tageously increased when the amounts of replacement with A (Sr, Ba and/or Ca) were less than 0.1 mole percent, 
while the Curie temperatures were reduced and the changes AFr and AFa of the resonance and antiresonance fre- 
quencies Fr and Fa after heating were increased to deteriorate heat resistance, when the amounts of replacement with 
A (Sr, Ba and/or Ca) exceeded 8 mole percent in total. 

It has also been recognized that the Curie temperatures were reduced to deteriorate heat resistance when the 
35 amounts _y. exceeded 5.0 mole percent. 

It has further been recognized that the electromechanical coupling factors Kp were reduced when the rates z of 
Ti exceeded 54 mole percent, while the Curie temperatures were reduced to deteriorate heat resistance when the rates 
z were less than 45 mole percent. 

Comparing an inventive sample (e.g., the sample No. 2) with the comparative sample No. 1 which was out of the 
40 scope of the present invention, it is understood from Table 1 that the specific resistance (resistivity) p of the sample 
No. 2 according to Example 1 of the present invention was smaller by at least 1 figure than that of the comparative 
sample No. 1 containing no Mn. 

As to the inventive sample No. 2, elements existing in grains and grain boundary were analyzed with an analitical 
electron microscope. Figs. 1 and 2 illustrate the energy dispersive X-ray spectra of grain and grain boundary. 
45 It is understood from Figs. 1 and 2 that Mn which was introduced into the sample No. 2 by diffusion was distributed 

in the grain boundary with higher concentration than that in the grain of the piezoelectric ceramics. In other words, it 
is understood that the specific resistance (resistivity) p of this piezoelectric ceramics was reduced due to such uneven 
distribution of Mn in the grain boundary of the piezoelectric ceramics. 

It is also understood that the changes AFr and AFa of the resonance and antiresonance frequencies Fr and Fa 
50 after heating were extremely reduced as the result of such reduction of the specific resistance p, as shown in Table 1 . 
Further, the mechanical quality factor Qmp of the sample No. 2 was substantially identical to that of the sample No. 1 
containing no Mn, while its electromechanical coupling factor Kp was considerably larger than that of the sample No. 
1 . Thus, it is understood that the characteristics of the sample No. 2 were improved also in these points. 

When the amount of Mn is less than 0.005 percent by weight in terms of Mn0 2 , sufficient effects cannot be attained 
as to improvement of the characteristics such as the specific resistance (resistivity) p and the frequency changes AFr 
and AFa, while the mechanical quality factor Qmp and the frequency changes AFr and AFa are disadvantageously 
increased when the amount of Mn exceeds 0.9 percent by weight. Therefore, the amount of Mn is in a range of 0.005 
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to 0.9 percent by weight in terms of Mn0 2 . 
Example 2 

5 Respective raw materials of PbO, SrC0 3 , Ti0 2 , Zr0 2 , Sb 2 0 3 , Nb 2 0 5 , W0 3 and Ta 2 0 5 for forming piezoelectric 

ceramics were weighed out to attain compositions shown in Table 2, and wet-blended in a ball mill. The as-obtained 
mixtures were subjected to steps absolutely identical to those of Example 1, to obtain vibrator samples of polarized 
piezoelectric ceramics. As to these samples, the respective characteristics, i.e., specific resistance values p, electro- 
mechanical coupling factors Kp, mechanical quality factors Qmp, temperature coefficients (Fr-TC) of resonance fre- 

10 quencies Fr and changes AFr and AFa of resonance and antiresonance frequencies Fr and Fa were measured similarly 
to Example 1 . Table 2 shows the results. 

Referring to Table 2, symbols A ; x, B ; z, a and p represent respective components and rates of addition thereof in 
the following formula (2) respectively: 

Pb 1 . x A x Zr 1 . z Ti z 0 3 + (3(wt%)B + a(wt%)Mn0 2 (2) 



Namely, A represents types of the elements (at least one of Ca, Sr and Ba) substituting for Pb and x represents 
rates (mole percent) thereof, while B represents types of the additives (at least one of Sb 2 0 3 , Nb 2 0 5 , W0 3 and Ta 2 0 5 ) 
and p represents rates (percent by weight) thereof. Further z represents rates (mole percent) of Ti, while a represents 
contents (percent by weight) of Mn0 2 . 

Referring to Table 2, asterisks (*) show comparative samples of piezoelectric ceramics ; which were out of the 
scope of the present invention. 

It has been recognized from the results of measurement of the respective samples shown in Table 2 and other 
samples (not shown in Table 2) that the temperature coefficients Fr-Tc were disadvantageously increased when the 
amounts of replacement with A (Sr, Ba and/or Ca) were less than 0.1 mole percent, while the Curie temperatures were 
reduced and the changes AFr and AFa of the resonance and antiresonance frequencies Fr and Fa after heating were 
increased to deteriorate heat resistance, when the amounts of replacement with A (Sr, Ba and/or Ca) exceeded 8 mole 
percent in total. 

It has also been recognized that the Curie temperatures were reduced to deteriorate heat resistance when the 
amounts p of B (Sb0 2 , Nb 2 O s , W0 3 and/or Ta 2 O s ) exceeded 2.9 mole percent. 

It has further been recognized that the electromechanical coupling factors Kp were reduced when the rates z of 
Ti exceeded 54 mole percent, while the Curie temperatures were reduced to deteriorate heat resistance when the rates 
z were less than 45 mole percent. 

Comparing an inventive sample (e.g., the sample No. 22) with the comparative sample No. 21 which was out of 
the scope of the present invention, it is understood from Table 2 that the specific resistance (resistivity) p of the sample 
No. 22 according to Example 2 of the present invention was smaller by at least 1 fugure than that of the comparative 
sample No. 21 containing no Mn. 

As to the inventive sample No. 22, elements existing in grains and grain boundary were analyzed with an analitical 
electron microscope. Figs. 3 and 4 illustrate the energy dispersive X-ray spectra of grains and grain boundary. 

It is understood from Figs. 3 and 4 that Mn which was introduced into the sample No. 22 by diffusion was distributed 
in the grain boundary with higher concentration than that in the grain of the piezoelectric ceramics. In other words, it 
is understood that the specific resistance (resistivity) p of this piezoelectric ceramics was reduced due to such uneven 
distribution of Mn in the grain boundary of the piezoelectric ceramics. 

It is also understood that the changes AFr and AFa of the resonance and antiresonance frequencies Fr and Fa 
after heating were extremely reduced as the result of such reduction of the specific resistance p, as shown in Table 2. 
Further, the mechanical quality factor Qmp of the sample No. 22 was substantially identical to that of the sample No. 
21 containing no Mn, while its electromechanical coupling factor Kp was considerably larger than that of the sample 
No. 21 . Thus, it is understood that the characteristics of the sample No. 22 were improved also in these points. 

When the amount of Mn is less than 0.005 percent by weight in terms of Mn0 2 , sufficient effects cannot be attained 
as to improvement of the characteristics such as the specific resistance (resistivity) p and the frequency changes AFr 
and AFa, while the mechanical quality factor Qmp and the frequency changes AFr and AFa are disadvantageously 
increased when the amount exceeds 0.9 percent by weight. Therefore, the amount of Mn is in a range of 0.005 to 0.9 
percent by weight in terms of Mn0 2 . 
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Claims 

1. Piezoelectric ceramics being expressed by PbZr^T^O^ where z = 0.45 to 0.54, 0.1 to 8 mole percent of said Pb 
atoms being replaced with at least one element selected from Ca, Sr and Ba, 

said piezoelectric ceramics containing Mn in a range of 0.005 to 0.9 percent by weight of the whole in terms 
of Mn0 2 , characterized in that said Mn exists in a grain boundary with higher concentration than that in the ceramic 
grains of said piezoelectric ceramics. 

2. Piezoelectric ceramics in accordance with claim 1, wherein further up to 5.0 mole percent of said Pb atoms is 
replaced with at least one element selected from La, Ce, Pr, Nd, Sm, Eu and Gd. 

3. Piezoelectric ceramics in accordance with claim 1 , wherein at least one element selected from Sb, Nb, W and Ta 
is contained in a range of up to 2.9 percent by weight in terms of Sb 2 0 3 , Nb 2 O s , W0 3 and/or Ta 2 0 5 . 

Patentanspruche 

1. Piezoelektrische Keramik, wiedergegeben durch PbZr 1 . z Ti z 0 3 , worin z = 0,45 bis 0 ; 54, wobei 0,1 bis 8 Mol-% der 
Pb-Atome durch mindestens ein aus Ca, Sr und Ba gewahltes Element ersetzt sind, 

wobei die piezoelektrische Keramik Mn in einem Bereich von 0,005 bis 0 ; 9 Gew.-% des gesamten, angege- 
ben als Mn0 2 , enthalt, dadurch gekennzeichnet, daG das Mn in einer Korngrenze mit hoherer Konzentration vor- 
liegt als in den Keramikkornchen der piezoelektrischen Keramik. 

2. Piezoelektrische Keramik nach Anspruch 1, wobei weiterhin bis zu 5,0 Mol-% der Pb-Atome durch mindestens 
ein aus La, Ce, Pr ; Nd, Sm, Eu und Gd gewahltes Element ersetzt sind. 

3. Piezoelektrische Keramik nach Anspruch 1, wobei mindestens ein aus Sb, Nb, W und Ta gewahltes Element in 
einem Bereich bis zu 2,9 Gew.-% als Sb 2 0 3 , Nb 2 O s , W0 3 und/oder Ta 2 O s enthalten ist. 



Revendications 

1 . Ceramique piezoelectrique exprimee par PbZr^T^O^ ou z est compris entre 0,45 et 0,54, une quantite comprise 
entre 0,1 et 8 mol % desdits atomes de Pb etant remplacee par au moins un element choisi parmi Ca, Sr et Ba, 

ladite ceramique piezoelectrique contenant Mn dans un intervalle de 0,005 a 0,9 %, en poids, de la totalite, 
en termes de Mn0 2 , caracterisee en ce que ledit Mn existe dans laf rontiere de grain a une concentration superieure 
a ce qu'elle est dans les grains de ceramique de ladite ceramique piezoelectrique. 

2. Ceramique piezoelectrique selon la revendication 1 , ou une quantite supplemental pouvant aller jusqu'a 5,0 mol 
% desdits atomes de Pb est remplacee par au moins un element choisi parmi La, Ce, Pr, Nd, Sm, Eu et Gd. 

3. Ceramique piezoelectrique selon la revendication 1, ou au moins un element choisi parmi Sb, Nb, W et Ta est 
contenu dans un intervalle pouvant aller jusqu'a 2,9 %, en poids, en termes de Sb 2 0 3 , Nb 2 0 5 , W0 3 et, ou bien, 
Ta 2 O s . 
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FIG.1 
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FIG. 3 
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